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FOREWORD

This document, D2-14934-5, entitled "WS-133A
Maintainability Progress Report", is submitted to
BSD/STL in accordance with the requirements
of Technical Directive 62-4488, "Maintainability
Requirement Program," dated 28 May 1962.
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1.0 SCOPE

This document constitutes The Boeing Company's monthly status
report to the Air Force on Maintainability Activities pertaining to
the WS-133A Minuteman Weapon System. The Maintainability
Program is a contractual obligation of The Boeing Company under
CCN 448 of Contract Number AF04(648)-289.

2.0 PURPOSE

The Air Force has requested that The Boeing Company develop
Maintainability Criteria and conduct a Maintainability Program in
accordance with this criteria. This is being accomplished in
accordance with the WS-133A Maintainability Program Plan
(D2-14475) based on the requirements set forth in MIL-M-26512B
as amended by Technical Directive 62-4488.

The purpose of this document is to report to the appropriate
Air Force agencies the progress achieved in execution of the
Maintainability Plan and to detail the work accomplished during
the reporting period.

3.0 INTRODUCTION

This document is the fifth of the monthly reports that outline
the progress achieved by the contractor in the WS-133A Maintain-
ability Program. The first report co vered the period from 18
October 1962 thru 31 December 1962. Each succeeding report covers
a monthly period from the first thru the last day of each month.
This report covers the month of April 1963.

The Maintainability Program Plan for the Minuteman Weapon
System is two-fold; it provides both a Design Review and Evaluation
Plan and a Test and Demonstration Plan. The monthly reports
contain status of progress and problem areas encountered in each
of these plans.

BUFAVG NO. D2-14934-5
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4.0 MAINTAINABILITY REVIEW AND EVALUATION

4.1 MAINTAINABILITY REVIEWS

4.Ll Program

As part of the Maintainability (M) effort under CCP-803 and the
WS-133A Maintainability Program Plan (D2-14475), specific
figure "A" items are being reviewed for M and soldering in accord-
ance with criteria as specified in 6120-7822-DU-RD1. Major M
problem areas revealed by these reviews are reported throufh
initiation of a Maintainability Action Request (MAR). Minor M
problems of the product improvement type are reported to the
Design Project through a Maintainability Review Report (MRR).

4.L 2 Figure "A" Items To Be Reviewed

a) The following figure "A" items were selected by the customer
for M review:

1) 1207 Drier, Air Compressor;

2) 1281 Fault Locator Set, AN/GSM-69;

3) 1288 Battery, Storage;

4) 1337 Distribution Box;

5) 1338 Console, Communications Control;

6) 1367 Motor/Generator, PU-521;

7) 1380 Distribution Box;

8) 1385 Distribution Box;

9) 1412 Signal Assembly, Voice Reporting;

10) 1423 Antenna Group, AN/GRA-72;

II) 1424 Antenna, AS-1213/GRC-113;

12) 1425 Antenna System, H. F., .Receiving & Transmitting;

13) 1425 Antenna, H.F., Transmitting, Hardened;

VI...'-2~AG INO, Dg-'14034-5
, AG, 7 ""



4.1.2 (Continued)

14) 1607 Security and Alarm Set;

15) 3007 Test-Set, Explosive Set Circuitry;

16) 3092 Test-Set, Programmer Group;

17) 4018 Adapter AN/GSM-61;

18) 4043 Elevator, Work Cage;
19) 4152 Test Equipment; Electrical Facility, Base

Maintenance;

20) 4220 Test-Set, Relay;

21) 4252 CIV Set, AN/GSQ-65;

22) 4344 Fault Locator, SCN Cable;

23) 4451 Controller, Azimuth Drive;

24) 4487 Command Signal Simulator;

25) 4489 Simulator Set, Electrical Functions;

27) 4491 Start-Up Unit;

28) 4515 Static Frequency Changer;

29) 4523 Common Power Supply;

30) 4539 Test-Set, VRSA;

31) 4601 Function Simulator; H.F./UHF Radio;

32) 4632 Test-Set, Electric Power, LF;

33) 4633 Test-Set, Electric Power, LCF.

b) The Minutes of the Maintainability Review Meetings held at
Boeing on 9 January 1962, and at RCA, on 16 January 1962 (fl.e

,NDA,,,Imo. "D2-14934-6
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4.1.2 (Continued)

No. 2-6331-0-366, dated 7 February 1962) listed certain figure
"A" items which were not reviewed due to non-availability
of hardware. These items are being reviewed on a schedule
compatible with equipment availability.

c) Other figure "A" items are being reviewed as problem areas
are identified by review of Field Service Reports, System Test
Action Requests, Unsatisfactory Reports, M Evaluation/Obser-
vation (E/O) Reports, and other field reports prepared by
Boeing organizations.

4.2 MAINTAINABILITY ACTION REQUESTS (MAR)

During this reporting period, the following MAR was completed:

1-1283-Al rev. 1, Motor-Generator Set, Launch Facility.

Status of all MAR's initiated to date is contained in the MAR
Status Summary Chart (See Section 6.2).

4.3 MAINTAINABILITY REVIEW REPORTS (MRR)

During the reporting perlodMRR's on the following equipments
were completed:

a) Test Equipment, Electronic Facility, Figure A 4152;

b) Electrical Load Bank, Figure A 4167.

The MRR's have been forwarded to the cognizant design group
for consideration as product improvement items. (See Maintain-
ability Review Status Summary Chart Section 6.1).

, No. D2-14934- 5
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4.4 FIELD LIAISON REPORTS

Surveillance of operational activities to obtain additional Main-
tainability data is being accomplished thru review of STAR's
(System Test Action Requests), FSR's (Field Service Reports),
UR's (Unsatisfactory Reports), and BIAR's (Base Installation
Action Requests). During the reporting period, six (6) STAR's
and five (5) FSR's have been reviewed for Maintainability
implications.

4.4.1 MAINTAINABILITY SURVEILLANCE

In those cases where reviews indicate a maintainability problem
M Engineers are assigned to work the problem with the design
organization. If the proposed solutions to problems reported
thru the above Field Liaison Reports do not satisfy maintainability
requirements then a MAR or MRR will be initiated as appropriate.

1-I iD2-14934-5
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5.0 MAINTAINABILITY TEST AND DEMONSTRATION

5.1 TEST AND DEMONSTRATION PLAN

Tests and performance demonstrations already scheduled for other
purposes at the STP III Installation, Vandenberg Air Force Base,
and Minuteman Wing installations are being utilized to provide as
many Maintainability demonstrations as possible. Maintainability
Engineers are participating in those tests and demonstrations
which have inherent Maintainability significance, and are
documenting their observations.

Equipment Items with Maintainability features having major
impact upon the operation and maintenance of the Weapon System
have been selected. Only demonstrations involving these items
are being documented, pending both BSD approval of the equipment
list and contractual coverage of any additional tests considered
necessary by the Customer.

TEST AND DEMONSTRATION EQUIPMENT LIST

The "List of WS-133A Equipment Selected for Maintainability
Demonstrations" was transmitted to BSD by letter 2-5261-2-249,
dated December 20, 1962. This list I"dentified applicable main-
tenance operations which may be observed during remaining
scheduled test and demonstration activities, to provide Maintain-
ability demonstrations of the selected Figure "A" equipment
items. It also Identified, for each selected equipment item, those
maL-ntenance operations which should be demonstrated but were
not at that time known to be included within any scheduled test
or demonstration.

The "Demonstration Requirements Status Summary" (Section 6.3
of this report) provides monthly amplification and updating of
the "List of WS-133A Equipment Selected for Maintainability
Demonstrations." It contains a tabulation of the maintenance
operations which should be demonstrated for each selected
"Figure A" equipment item, and identifies any scheduled events
which are known to include these operations. It also contains
a completion record, which provides completion dates and
observer report numbers for all demonstrations which have been
ancomplished during current and previous reporting periods.

Maintainability Engineers will continue to participate in the
scheduled demonstration events listed in the "Demonstration
Requirements Status Summary," pending further direction from
BSD.

U3. 4B O:,EZ'/. IdNOD2 "14934 "5
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5.3 MAINTAINABILITY EVALUATION/OBSERVATION (E/O) REPORTS

E/O Reports are prepared for both "dynamic" observations of
maintenance and "static" evaluation of M design. The reports
provide the basis for subsequent corrective action on any observed
deficiencies, and are submitted monthly in this document series as a
demonstration record.

a) A "Static" evaluation is a complete visual inspection made on
a non-interference basis whenever equipment becomes conven-
iently available. "Dynamic" observations are made during
applicable maintenance operations using actual equipment. In
either case an E/O Report documents the demonstration results.

b) Each completed E/O Report is evaluated by the Maintainability
Engineers who have Maintainability -review responsibility for
the specific "Figure A" items of equipment identified in the
report. When Maintainability deficiencies are identified in a
report, MAR's and/or MRR's are initiated for appropriate
action.

c) Five E/O Reports were written during the period covered
by this document: They were prepared by the Maintainability
Engineers who participated in the M demonstrations. The
reports are contained in Section 6.4.

, N°D2"I4934-
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6.0 REPORTS

This section contains status charts, copies of Maintainability
Action Requests (MAR's), and Maintainability Evaluation/Observa-
tion (E/O) Reports.

6.1 MAINTAINABILITY REVIEW STATUS SUMMARY

The Maintainability Review Status Chart contains an up-to-date
summary of all Figure A equipments reviewed in accordance with
the dM.l :ssi-nn contained ;n Section 4. As additional Figure A items
are reviewed they will be entered on this chart with notations as
to action taken and date review is completed. This chart will be
revised and reproduced for inclusion in each succeeding Progress
Report.

I ~o. D2-l4934-ý~
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6.2 MAR STATUS SUMMARY

The MAR Status Chart contains an up-to-date list of MAR's
issued and the current status of each MAR. Copies of MAR's will
be included in each monthly progress report, until such time
as they are considered closed. MAR's requiring no further
consideration by eithei the originating engineer or the organization
responsible for corrective action will be closed. This status is
assigned by the MAR originator only when one of the following
has been achieved:

a) An authorized hardware, procedure, specification or other
corrective action has been found to satisfy the MAR problem;

b) The organization responsible for action rejects the request
for corrective action and the MAR originator concurs with
reasons given for the rejection.

c) The MAR originator considers that the MAR requires no
further action because of related actions taken, events occur-
ing, or status changing after initiation of the MAR.

6.2.1 MAR #1-1283-Al Rev. 1 was issued and "closed" out, during this
reporting period. The MAR was "closed" by the maintainability
engineer because of the following status and actions, as reported
by the equipment manager:

a) PPR #11646 provides M-G Set start-up and shutdoan procedure
placards at all bases as A & CO items;

b) A "capsulated" starting and stopping procedure is being
provided on the M-G Sets, American Electronics Inc. part
no. 302 405. The correct stopping procedure is part no.
102282 revision C and the correct starting procedure is
part no. 101670 revision D;

c) The 10-20945-2 M-G Set used in the launch oontrol facility
of Wing II and on has a disconnect device to prevent DC
motor starting of the M-G Set.

aaazv' No. D2-14934-5
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MAINTAINABILITY ACTION REQUEST
WS-133 WEAPON SYSTEM

The Boeing Company ROUTING PAGEt _
( Aoro-Space Division ACTION: FL L. Strum

Seottle Washington ORGAN. 2-6522 M A R No. 1-1283-Al Rev.
M.e $. 5 2.Mt

MAINTAINABILITY GROUP DATEs'March 20. 1963

CC: K.X Hiebauer 52-26
Organization 2-5261-30 3 _ ErP_ nlit 52-26 DATE REPLY DUE.

Mall Stop 50-66 16A3 Cole 43-86.7- M_ BALrker 50A April 25,
Telephone JU6-6263 E. S. Whitney 50-66.

FIGURE A NO. 1 SYSTEM LF Electrical POwe UBSYSTEM Motor-Generator Sel

Statement of Problems The Launch Facility Motor-Generator Set, Figure A 1283,
does not hve a disconnect device for input power to the DC drive motor. DC

power to the Motor-Generator Set is applied and removed by making or break-
ing the energized contacts of recepticle J2 and plug P2. Contact failures-
will result unless the application and removal of DC power is made in a
specified sequence. Improper connection or removal of the DC Input will result
in failure of the plug and the Motor-Generator's DC recepticle. Ten failures
at MAFB, seven at VAFB, two at CAFB, and three at STP III have resulted
from improper application and removal of DC power to the Motor-Generator.

Emphasis on the correct procedure has reduced A & CO fzalures, however an
instruction, placard to ensure that SAC maintenance teams and Boeing A & CO
personnel at upstream Minuteman bases use the correct procedure is needed
bn the Motor-Generator control panel

Recommendation:

Provide a permanent "WARNING" placard on the control assembly of the
Motor-Generator. Instructions or. the placard would refer the maintenance
technician to T.O. 21-SM80A-2-11 for the correct startup and shutdown
procedures. The same placard can be placed on the LCC Motor-Generator
Set. Advantages of the placard proposed are simplicity and no need to update
due to equipment changes.

I

ATTACHMENTS:
Cost Effectiveness Summary
M Cost Study
References
Recommended Placard

Minuteman Flnanc , Minuteman Syste ,n lysI
Q• J. Niederkrome /?j,7 I R. B. Grobe

LA Enginooers U Approved byt Approved by:

A. Henschel D. Heck

2-5Z60-O-1SA\. D2-14934-5 Page 17



Recommended Placard

WARNING

Current dangerous to human life and equipment
will exist if proper startup and shutdown procedures
are not used for this Motor-Generator. Refer to
T.O. 21-SM80A-2-U for the correct procedures.

D2-14934-5 Page 18



SEA SYSTEM ELEMENTS LO G SVPPCtT
Missilu C lrve oaintenanoc loading & time linesLaunch Control Facility7 X.. anhours and pers~onnel requirements

I I_'• Launch Facility Crew-vehiloeo hourns and trips
' ~ ~ G ( 0n-.s~l~ its e V •SBS vO Depot repair"

HGE Spare*
RPI- Test and itenance equipmenti _._.Training

CHAMGE TASKS AND FUNCTIONS Transportation
_ _ P _ Prooessing (or PRR) Supply functions

Research and development OPERATMOCAL FACTORS
Retrofit and TCTO X Downtime or availabiUty
Special change-retrofit equipment Reolab~iity

- Publications and drawings Standardization & interchangeability
xigurw A# fc•ob Dj C, C-1 ohanges .ompatibility (PAs, 465L, radio nots

6X77 Manufacturing changes power, GFEO test squipmentp stoo)
-- Hardwaxe changes Interfaces and secondary faults

M-- andatory, "make-work changes Schedule impact
Customer directed Safety and hazards

SBoeing initiated - huan factors (IL.4TD-O)

NOTE: This Is a preliminary co3t study to as'Gertain If the M proposal will
result in a savings to the customer. Values used are gross figures- and do not
constitute official Boeing cost estimates. Their use is limited to planning purposes
and trade studies for this M proposal.

Cost of Maintenance Cost of Placards Savings

156,196/year $40,000 initial cost $1l6,196/1st year

0'561,960/ 10 years 0'40,000 total cost 0e521,960 total savings

See accompaning M Cost Study for calculation of above figures.

D2-14934- 5
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M COST STUDY

Given Information and Assumptions

L) Cost of crew-vehicle hour = 0'68/hour

2.) Cost of missile downtime/hour - $'90/hour

3.) Cost of W715 connector = %150

4.) 15 hours to correct a DC input connector failure.

5.) Motor-Generator Sets will be recycled for overhaul every three years.

6.) New SAC maintenance personnel will constantly cycle into the Weapon
System due to Air Force personnel leaving the service.

7.) Failures can be reduced by 95% if the correct motor-generator start-up
and shutdown procedures are used. (Assumption based on MAFB A&CO" experieno

12.) Cost Study will be based on projected failures which are based upon the
faLilure rate that has occured.

9'J., This study is based on an assumed 10-year period.

Cost Calculation

A. Cost of Maintenance to customer over a 10-year period.

L) Failures due to procedure short cuts and correct procedure not being
followed.

10 per AFB during A & CO (Assumed - MAFB & VAFB failures as a basis)
39 per AFB per 10 years (see attached graph) - Assumed failures

total failures (5 AF Bases)
A & CO 10 x 4 (Malmstrom won't be counted, failures have already
occurred) = 40 A & CO failures.
Failure during
SAC Maintenance 39 x 5 = 195 SAC failures

Total =-M

95% can be prevented by the instruction placard .95 (235) - 223
preventable failures

2.) Cost of each failure:

15 hours/failure x $%68/crew-vehicle hr. $ 01020/failure (manhours)

D2-14934-5 Page 20



2. (Continued)

15 hours/fatlure x f90/missile hour - $'1350/faLlure (missile downtime)

I connector/failure - $150
Total f23"0/failure

3. Cost of fa•lures (10 year period)

223 failures x M2520/failure -- 561, 960

? Cost of placards for M-G sets

800 placards are needed
Assume a nomial cost of
$'50/LF to properly placard

Cost = 140,000

Z. :iioi System savings - maintenance only

Cost 0 failures - cost of fix = savings

0'561,960 - •40,000 = $'521,960

D2-14934-5 Page 21
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22L) FR 038817, Plug P02 to Motor-Generator Set is burnt, CAFB T-11,

October 17, 1962.

22.) FR 056897, DC Input recepticle pins are burnt, MAFB A-09, July 27, 1962.

23.) FR 056899, DC Input Plug of cable W715 is damaged, MAFB A-09,
July 27, 1962.

24) FR 065833, DC Input recepticle pins are burnt, rAWB LF-5, October 17, 1964

25.) FR 065818, DC Input recepticle on Motor-Generator are burnt, VAFB
LF-2, October 17, 1962.

26.) FR 030436, DC Input connector pins are burnt, VAFB LF-4, Oct. 1, 1962.

27.) FR 030415, DC Input Connector pins burnt, VAFB LF-4, August 6, 1962.

28.) FR 052091, DC Input Connector pins melted, VAFB LF-2, August 3, 1962.

29.) FR 046213, DC Input recepticle of Motor-Generator damaged by arc, VAFB
LF-4, June 1l, 1962.

30.) FR 021800, DC input recepticle burnt, STP Mi, January 4, 1962.

3L) STAR STP-174-T-M, Connection of cable W715 to LF Motor-Generator,
April 23, 1962.

32.) STAR STP-198-T-M, Connection of cable W715 to LF Motor-Generator,
May 10, 1962.

33.) BIAR MAFB-100-T Interim Reply, 21-51001 Cable Failures Figure A 1248,
Summary and Problem Analysis, February 22, 1963.

34.) Excerpts from Synopis of Electrical/Electronic Problems on Operational
Ground Equipment Encountered at VAFB for Period August 1 through
October 1, 1962.

35.) Memo 2-6545-03-810, Trip Report to Malmstrom AFB, October 2-5, 1962,
J. L. Apperson from H. A. Bowman, October 8, 1962.

36.) Coordination Sheet ELU/S-1036, Malmstrom AFB LF Motor-Generator
Problem, P. T. Wendel from H.A.Bowman, September 13, 1962.

37.) D2-7818 Volume 5, Acceptance Functional Test Procedure, Power Supply
Group OA-3386/GSW-4, revised February 21, 1963.

38.) T.O. 21-SM8OA-2-li, revised March 8, 19633.

D2-14934-5 Page 23



8.3 DEMONSTRATION REQUIREMENTS STATUS SUMMARY

The following Demonstration Requirements Status Summary
contains an up-to-date summary of scheduled maintainability
demonstration events for each selected "Figure A" equipment
Item. Completion dates and E/O Report numbers are listed for
those demonstrations which have occurred during the current
and previous reporting periods. The Summary also lists those
maintenance operations which should be demonstrated but are
currently "unscheduled."

I :o.D2-14934-5*
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l,4 CURRENT EVALUATION/OBSERVATION (E/O) REPORTS

The following pages contain the five E/O Reports completed
during the period covered by this document. The reports are
arranged in numerical order, by report number.

Each E/O Report consists of a M Checklist and a supplementary
rating analysis. The checklist contains numerical ratings for all
major Maintainability features observed and evaluated during the
indicated demonstration event. The supplementary rating analysis
accompanying the checklist both substaintiates the numerical
ratings and provides constructive recommendations. The recommend-
ations propose specific improvements to be made in order to
attain "Good" Maintainability.

AWW"ON I NO. D2-14934- 5
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XAINTAINABILITY = X .-/OBSERVATION REPOT

Seport No. EO-1231-2/4487-1 Date April 3, 1963 Page of

Prepared by A. H. Smith M/' 6207-1 .hne 866-3761

Figur. A N. , 4 ý8 Nomn Programmer Group/Command Signals Simulator

Dwg. No. 25-22036-89/8324450-501 Serial No. 6 / 5

Observed Event T.O. TMY Location VAFB Date 2.18.63 thru 3.28.63

Title or Descriptioq Drawer Checkout

T.O. Procedures 31X3!!12-8-2 Sections VII through XII (31 January 1963 revision)

NADITAINABILITY CHECKLIST

I Fault Isolation 14 Lines and Cables
-.... 2 _

2 Standardization 15 Fasteners
.. ,2| i i 4 D l

3 Interchangeability 16 Covers, Cases, Shields 4

4agM= :*-, 117 Disposable Modules 4

5 Accessibility 2 18 Test Equipment 2

6 Work Space 4 19 Servioing, Handling, !quip. NA

7 Testing, Sirvioing 4 20 1 Toole 2

i Displays 21 Platform, Stands,, Shelters

9 Handles 22 Technical Order

10 Labels, M*arking 2 23 Figure A 3

11 Controls 4 24 Form B/C NA/

12 Work Aidas 25 Specifications NI

13 Connectors, Connections 26 Personnel Requirements

CHECKLIST RATINGS

4 Good Maintainability N/A Not Applicable
3 Satisfactory Maintainability N/O No Observatior Possible
2 Unsatisfactory Maintainability NA Not Evaluated
1 Foor Maintainability

Rating analyzes are provided on succeeding pages, for all checklist items rated 3 or lower.

D2-14 34-5
Page 62.



Report N~o. E04-2Ol-2/4487-1 Page 2 )f3(

Item 1 Cable tray fault-isolation and repair considerations f3r the
Minuteman Standard Rack configuration have been dealt dth in
items 1 and 5 of E0-1284-1.

Item 5 The grouping of external electrical connectors at the top of the
equipment rack has been dealt with in E0-1265-1 and EO-1201-1.
The problem is quit pronounced in the case of the Pro ;razmer
Group because of tbi large number of connections to be made in
organizational level checkout. A hook-up technique farored by
at least one Test Operator at VAFB is to make connecti ns while
lying on top of the air-conditioning trunking and over ead cable
trays.

Recommendation.

Although it is reco&nized that a considerable effort w)uld be
involved, it is recommended that the rack should be re lesigned
to improve accessibility, and wiring-tray repairability.

Item 10 a. All the drawers of the Programmer Group weigh more thaaL 45 lbs,
the Power Supply weight being more than 120 lbs, but tie units
are not marked.

Recommendation.

Weight labels should be affixed.

b. The system of numbering of Printed Card Assembly locations
(e.g. 403A1 A8) appears to have become confused. It is believed
that the system was originally intended to define a card or com-
ponent location, to facilitate rapid identification of an element
among many similar elements; thus, the technician woull know
that the A3 card was the third one back, etc. Referene to
figure 8-2 to T.O0 31X3-124-2 will quickly show the extent to
which the system ha3 been altered. Apparently the ideatification
of a card by its part number has been abandoned and th) card
location system has been substituted in its place. This could
result in confusion if a card becomes accidentally mis laoed, and
would at least result in the neceovty to label a card with two
identification numbers, the part number and the "A num'er".

Recommendation. /

ftecific card types should ho identified by part numbs:- cily,
and locations should be identified by "A number" only. The
part number should be visible when the card is in posi;ica, and
the "A number" should be marked at both ends of the lo •ations
alot. Card locations should also be numbered serially from
front to back.

D2-14934- 5
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Report No& W-1201C/4487-1 Pag 3 of 3

Other components, particularly PCA connectors, should also be
identified systematically in the same way; Figure 8-3 of T.O.
31X3-12-8-2 shows that PCA connectors are much less confused
than the PCA's, and is a good example of the system as it was
originally intended to function.

Item 18 Difficulty has been encountered upon attempting to insert the
Figure A 4487 Command Signals Simulator (SM-315/GYK-2) into
the Decoder Vault of the Sequential Timer Drawer, due to the
fact that the cover-retaining screws along the s3 le of the unit
are not countersunk, and will not enter the guide-slot. On the
unit observed, all the retaining screws along the side-flanges
had been removed in order to effect insertion.

Recc -aendation.

The screws used along the side-flanges should be countersunk.

Item 20 The Tool Kit, Code Change, Command Signal Decoder TL-687/GYK-2
has been found at VAFB to suffer from the following mechanical
deficiencies.

a. The right-angle-drive wrench, (part no. 1790324-1)
drive-spring is easily broken.

b. The Code-Setting tool (part no. 1790323) pointed tip
is too weak.

o. Code post lock pins (part no. 1790325) have very
fragile "heads" which break off easily.

Recoinendation.

The tool kit items mentioned should be strengthened, either by
increasixg material thickness or by using stronger metals, so
as to render the kit less liable to breakage in Field use.

Item 22 The top left-hand PCA connector in Figure 10-4 of T.O. 31X3-12-8-2
is not identified. Study of the wiring diagram of the Launcher-
Missile Status Monitor Drawer indicates that it may be J 10.

Reoomendation.

The figure should be revised to show the identification of the
Jack.

Item 23 The Figure A does rot contain Maintainability Design 1equirements.

Recommendation.

Maintainability Design Requirements should be incorporated at
the next revision.

D2-14934-5 Page 64



MxANTAINABILITT 1-ZUMA/OBSERVATION REPFRT

( port No._Eo-1251-k Date April 24, 1963 Pag. I -of 3

Presared by A. H. Smith Wt. VI-07. phone. 866-3761 I
Figure A No. 1251 Nomen Digital Data Group OA-3593/4YKý2

Dwg. No.8323616-505 Serial o10

Observed Event_ T.O. V&V Location, VAF, Date April 8, 1963

Title or Description DrAwer Checkout and Static Evaluation

?.O. Procedures T.O* 32X2-32-3-2 Section XXVIII through XXXIII

X AINTAI, ILITT CHECKLIST

-1 Fault Isolation 14 Lines and Cables 4

2 Standardization 4 15 Fasteners 4

3 Interchangeability 4 16 Coveres, Cases, Shields 2

*4 Packaging, Mounting 3 17 JDisposable Modules 4

5 Accessibility 2 18 Tes Equipmlent 4~

6 Work Space". 19 Servicing, Handling, Equip. .7 4

K 7 Testing, Servicing NX 20 Toole

.8 Displays 4 21 Platforms# Standsp Shelters N/A

9 Handles 4 2 ehia re

10 Labels, Marking 23 Figure A

11 Controls. 24 rm B/C A

12 Work Aida g/ 25 Specifications NA

13 Connectors, Connections 26 Personnel Requirements

* ~CHECIkLIST RATINGS

"" Goe4 Maintainability NA Not Applicable
3" Satisfactory Maintainability N No Observation Possible
2 'Unsatisfactory Maintainability Not Evaluated
1 Poor Maintainability

R .ating analyses are provided on succeeding pagesp for all checklist items rated 3 or lower.
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Report No. EO-1251-2 Page 2 of 3

Item 4 a. The Figure A 1251 is mounted in a Standard Minuteman Rack, one
characteristic of which is the grouping of external electrical
connectors at the top-rear of the unit. This results in the ne-'!-
sity to utilize a stepladder to reach the connectors; accebsibility
is further impaired by the presence of overhead cable-trays and air
ducting.

Recommendation.

A basic redesign of the rack configuration would be required in
order to relocate the connectors at a more convenient level.

b. The flexible air-ducting utilized to connect the Figure A 1251 rack
to the Environmental Control System tends to collapse irregularly

- when subjected to an S-bend. It is possible that further cross-

sectional changes may occur after calibration due to ageing or dis-
turbance. Such a change in air-flow could conceivably result in an
out-of-tolerance temperature condition and subsequent No-Go.

Recommendation.

Stiffened, constant cross-section flexible ducting should be used
in place of the existing soft ducting.

Item 5 a. Due to the fact that Drawer Connectors are mounted on the rear face

of the Wire Tray connector panel, it is necessary to remove the
entire rack to repair these connectors (See EO-1228-2 and others).

Recommendation.

Alternative a) The drawer connectors should be mounted on the
front face of the connector panel.
Alternative b) The connectors should be mounted on hinged panels
to allow access to the rear.

b. It is necessary during test operations to remove the "site tailoring

plug" in the Waveform Connector Drawer. At present this entails

the removal and replacement of 44 screws to remove the top dust

cover. (See EO-1251-I)"

Recommendation.

A sliding panel should be provided in the dust cover to allow "

convenient access to this item.

Item 10 With the exception of the Waveform converter drawer, all drawers

in the Figure A 1251 weigh more than 45 lbs., but are not so

labeled.

"D2-14934-4-
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Report No. EO-1251-2 Pago 3 of3

Recommendation.

In accordance with section 10.4.3.1 of MIL-STD-803, weight labels
should be affixed.

Item 16 As is common in all DAC equipment, top dust covers on the drawers
are secured by 44 captive screws, while the bottom covers are se-
cured by twenty quick-release fasteners.

Recommendation.

The number of screws securing the top dust cover should be reduced,
and should preferably be of the quick-release variety.

item 22 Paragraph 2-49 of the 4.6.63 version of T.O. 21-SM8OA-2-3 covers
twelve pages, due partly to inherent length of the paragraph, and
partly to the revision process. The actual paragraph is only
identified on the first page, which renders use of the T.O. un-
necessarily tie-constmaing.

Recommendation. -.

The paragraph number should appear in the top right-hand corner
of every page to facilitate use of the T.O.1,

Item 23 The Figure A does not contain Maintainability design requirements.

Recommendation.

Maintainability design requirements should be incorporated at the
a. - t revision.

Item 26 Soldering capability is required extensively to effect repairs
to components of the Figure A 1251.

Recommendation.

Either the Figure A 1251 should be reworked to eliminate soldered
joints or a soldering capability should be provided at Field Level
of maintenance. (See EO-1265-1)

D2-14934- 5
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MAINTAINABILITY UXTMCV/OBSERVATION REPORT

".qpo• t No. Eo-1283-3 Date April 12, 1963 Page I of

Prepared by A. H. Smith HIS V1-7. phone 866-3761

"Figure A No. .283 Nomen Motor Generator PU-515/GSd-4 (Launcher)

Dwg. No. 43-2028-759-1 Serial No. 0001708

Observed Event,?.0. Pre V&V Location VAFB Date April 10, 1963

Title or De..ript.on Brush Adjustm.nt

T.O. Procedures T.O. 21-SM8OA-2-11 Paragraph 2-84

MAINTAINABILITY CHECKLIST

1 Fault Isolation 4 I. Lines and Cables NIS

2 Standardization 4 5 Fseners 24

3 Interchangeability 4 16 Covers, Cases, Shields 3

4 Packaging, Mounting NA 17 Di.sposable Modules N/Z

5 Accessibility 2 18 Test Equipment N/E

6 Work Space 19 Servicing, Handling, Equip. N/E

7 Testing, Servicing 2 20 Tools 2

8 Displays N/A 21 Platforms, Stands, Shelters N/I

9 Handles 22 Technical Order 3

10 Labels, Marking 23 Figure A NA

11 Controls 4 24 Form B/C NAE

12 Work Aids 4 25 Specifications NIE

13 Connectors, Connections 26 Personnel Requirements NIE

CHECKLIST RATINGS

4 Good Maintainability N/A Not Applicable
3 Satisfactory Maintainability N/O No Observation Possible
"2 Unsatisfactory Maintainability NA Not Evaluated
1 Poor Maintainability

Rating analyses are provided on succeeding pages, for all checklist itea-n rated 3 or lower.
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Report No. C0-1283-3 Page 2 of 3

Item 5 There are four brush assemblies on the D.C. motor of the
Fig A 1283, spaced by ninety degrees, and located on diagonals.
The bottom left-hand brush assembly is therefore placed in the
corner between the motor bed-plate and the control-box.
During the attempted preliminary V & V observed, it was discovered
that work on this assembly is very difficult, if not actually
impossible. No way could be found to operate the dial
indicating scale. Similar difficulty was experienced with the
bottom right-hand brush assembly, due to the closeness of the wall.

Recommendation.

The spring tension measurement does not appear to be possible
in the way suggested by the T.O. - or with the existing test
equipment. It seems probable that it would be economically
unsound to remove the generator from the L.F. to perform these
adjustments at the SNSB, so it is concluded that an item of
special test equipment is justified. The provision of a
suitably mounted pulley-wheel, (which could be manually held
in position on the generator housing) together with a piece of
nylon monofilament, would allow the tension measurement to be
made axially instead of radially and would avoid the difficulties
of access to both bottom brush-sets.

Item 7 Steps f and g of paragraph 2-84 require the operator to manually
retract the solenoid plungers and check clearance between
brushes and commutator using a feeler gage. It is very
difficult to retract the solenoid armatures on the bottom
brush assemblies, and even more difficult to insert the feeler
gage. (See also item 20).

Recommendation.

The checking of brush clearances would be made very much
easier if it could be arranged to have the solenoids actuated
electrically; it might also, incidentally, be a more represen--
tative.test.

This could best be accomplished by providing a suitable
isolating Jack on the Control Cabinet Assembly which would
isolate the solenoids and connect them to an external 36 volt
supply.

The solenoids could be lifted without modifying the existing
cabinet by connecting a 36 volt supply across diode CR 1 by
means of alligator leads, however this method has the obvious
disadvantages that it is necessary to open the control
cabinet first, and there is some risk of damaging CR 1 by
application of the wrong polarity.
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Item 16 It was observed that the wire-mesh portions of the D.C. Motor
Screen had been damaged in places. In one spot a tear almost
3 inches long had occurred. This condition is undesirable in
that it leads to the possibility of R-F interference problems,
as well as to the danger of allowing objects to enter the motor
casing.

Recommendation.

The D.C. motor screen should be strengthened or protected
from casual damage.

Item 20 Due to the geometry of the D-C motor housing and the brish
assemblies, it is very difficult to insert a feeler gage
between the brush and the commutator unless the gage has been
suitably bent before-hand. It is also difficult to ensure that
insertion of such an item will not damage either the brushes
or the commutator.

Recommendation.

A special Go-No-Go gage should be provided for the checking
of brush clearances. It should be an L - shaped tool, with
the foot of the L being the gage. The gage should be "stepped"
so that the first step represents the minimum clearance, while
the second, or No-Go step represents the maximum clearance. The
gage should be made of material with adequate dimensional
stability and which would preferably be soft enough to preclude
damaging the commutator or brushes in use; it should also be
suitably shaped to measure a clearance between curved surfaces.

Item 22 Step o of paragraph 2-84 of T.O. 21-SM8OA-2-11 states simply
"Inspect brushes for proper seating." It is difficult to see
the brushes, let alone determine whether they are seating
properly, without actually removing them, however the T.O.
does not mention this fact.

Recommendation.

Step * should be expanded somewhat to explain how the brushes
should be inspected. It might also be considered worthwhile to
mention that the sandpaper should be "rough-side-out", since it
it not unknown for even experienced mechanics to make this
simple error.
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MAINTAINABILrrY nYAL hZ/0BSERVATIOX REPCRT

Report No. EO-3092-3 Date April 5, 1963 Pag-o.. J of t

Preared by A. ff. Smith 62W-1 p oone 866-.3726

Figure A Xo,- 22 Nomen Programmer Group Test Set AN/GSK-57

Dwg. No. 25-2672-2 Serial No. 3

Observed Event Mainteanco Loeatior VAFB Date April 3, 1963

Title or Desoriptiou. IncorEoration7 of modification and use at LF.

?.0. Procedures 21-4M8OA-2-3 Paragraph 2-52

NADTAIAMDILITY CHECKLIST

I Fault Isolation 2 1 Lines and Cables

Standardization - ______2 15 Fasteners 3__

i Interchangeability 16 Covers, Cases, Shields

Packaging, Mountir•g 17 Disposable Modules

5 Accessibility 18 Test Equipment

6 Work Space 3 19 Servicing, Handflng, Equip.

7 Testing, Servicing NA 20 Tools

8 DisplaUys 4 21 Platforms, StandeD Shelters N/A

9 Handles 22 Technical Order

10 Labels, Marking 23 Figure A3 /

L .U Controls 24 Form B/C

12 Work Aide 25 Specifications 3A'Z3 Connectors, Connections 26 Personnel Requirements

CHCKIST RATINGS
1. Good Maintainability N/A Not Applicable

3 Satisfactory Maintainability N No Observation Possible
2 Unsatisfactory Maintainability N Not Evaluated

- Q I Poor Maintainability
RfattK an"tk1.yCes are provided on aucceading pages, for all checklist items rated 3 or lower.
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Item 1 During a pro-demonstration checkout the Figure A 3092 Test Set
indicated No-Go's on all phase voltage checks for the Regulator
Assy. voltage MX-3629/ASW-4. The Regulator was changed, but the
same No-Go's occurred. A second Test Set was substituted, but
with the same results. It turned out that both Figure A 3092 Test
Sets had been similarly damaged during checkout at the contractor
support area, due to non-incorporation of a modification. The
fault was finally discovered by the lengthy process of disabling
evaluator outputs one at a time until it was found that one out-
put of the A5 card was -30V instead of -lOV, due to a broken-down
transistor. The difficulty arose because, despite the failure,
both sets repeatedly passed self-test. A total time of approxi-
mately five days elapsed before the fault was isolated, although
some of this time was spent in moving equipment due to Vandenberg
uniqu- scheduling. It is estimated that this particular fault
could hary have been isolated in less than two shifts under the
most favorable circumstances.

Recommendation.

The specific incident described above is very unlikely ever to
occur oain, and it would probably be uneconomical to modify the
self-check process to check the specific items concerned. It is
considered worth while, however, to initiate an evaluation to see
if there are other potentially difficult situations. Any results
from such an analysis could be added to the trouble-shooting
charts, to aid in a speedy resolution of similarly abstruse pro-
blems.

Item 2 The Power Supply PP-3267/GSM (Figure A 4523) that is used with
the Figure A 3092 has suffered damage on two occasions at VAFB
due, it is believed, to a lack of standardization of AC power
cables. On one of the occasions, a wire bundle in the Power
Supply was burned up due to the inadvertent use of an ACO AC
power cable with a Figure A power supply. Apparently the con-
ections for the Figure A equipment differ from those in the

ACO equipment, although the plug keying was the same. The second
incident, which occured at the SISA, was caused by the use of a
non-standard cable to connect the VARIAC during bench checkout
of the PP-3207.

Recommendation.

The AC input power cable, W-2 of PP-3267 (part no. 29-25048-1),
should be carefully checked to ensure that the wiring is standard,
and is compatible with the PP-3267 input power Jack; also, any
mechanically similar cables (such as that used with the ACO version
of the Figure A 4523) should be checked to ensure electrical com-
patibility.
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Item 4 Terminal Boards TB2, TB3, TB8, and TB9 in the Fault Locator are
very difficult to work on because they are located close to an
interml corner. It is necessary to remove the terminal board
mounting plate first, which is rendered difficult by inaccessible
fasteners.

Recommendation.

The terminal board mounting plate should be made more easily
removable; this could be accomplished by securing it with screws
which remove from the exterior surface of the Fault Locator top-
chassis*

.em 6 The problem of making the many test connections to the top surface
of the Programmer Group has been dealt with in EO-3092-1.

item 10 The test programmer card-numbering system is confusing, since it
is difficult to discover whether a dock is complete or not.
(see EO-3092-1)

Recommendation.

All cards in a dock should bear a deck identification number and
a separate serial number. Gaps in the serial sequence should be
filled with blank cards similarly numbered so that it may be
quickly ascertuined whether the deck is complete.

Item 15 The bolts used to secure the Fault Locator chassis to the case,
at the card reader end, are rendered partially inaccessible due
to the overhang of the card-pockets.

Recommendation.

Holes should be cut into the bottoms of the card-pockets to allow
the use of a socket wrench. These holes would also# incidentally,
tend to prevent the accumulation of dust and dirt in the card-
pockets thereby possibly avoiding card-reader errors.

Item 26 Soldering is used extensively in the Fault Locator Unit, which

precludes repair at Field-level.

Recommendation.

Soldered joints should be replaced by solderless joints wherever
this in feasible and/or an authorized soldering capability should
be prouided at the SMSB.
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Prepared by A. Io mth ' M/S 1I-07 Phone 866-3761

Figure A No. 03 Title Elevator York Ceg. (Nov Model)

Part No. t-18099• 'erial No. 6

Demonstration Event _95-6 Location__ VA Date April 24, 196.

T.O. Procedures T.O. 21-SM8A-2---O Section III (1 May 1962 changed 16 April 1963)

I:,-iMAINTAINABILITY CHECKLIST o

I Fault Isolation and Repair 1 14 Lines and Cables

2 Standardization 1 15 Fasteners PA

3 Interchangeability 1 i6 Coyers, Cases, and Shields 3"

4 Packaging and Mounting 3 17 Disposable Modules N/i

5 Accessibility 18 Test Equipment N/A
6 Work Spa ce 3 19 Servicing and Handling Equipment P/A

7 Testing and Servicing' j 20 Tools .:i

8 Displays 3 21 Platforms, Stands, and Shelters

9 Handles 3 22 Technical Order 3
10 Lables and Marking P/1 23 Figure 'A' PA

11 Contols 3 24 Form B/C N/B
"12 Work Aids 25 Speciflcations N/R

13 Connectors and Connections 6 Personnel Requirements P

CHECKLIST RATINGS

I Good Maintainability "3 Marginal Maintainability. N/A Not Applicable

2 Fair Maintainabllity 4 Poor Maintainability N/R Not Rated

Rating analysm are provided on attached pages, for checklist Item. rated 3 or 4

COMMENTSt Obeorvation was wad. of usage of the /igure A W 3 during a Category I'

Misaile Zwrplao~e~nt at Vandenberg ATE.

"IMw rating P/9 is ted to indicate that the item has been pre"Vioualy evaluatedt

me as to avoid uneeoneary repetition.

"D -14934-5

Paze 74
S • - :-- ... . •. . . . -... . . . . .. ,.. . . ."

• , , .-. .-. * . . ; .



Report 3.. UO.404,- Page 2oft,

Iton 4 a. During the test observed, the work cage extension screw "frome"
, . with the cage in the extended position. It was necessary to

operate the extension out-out micro-switch by hand in order to
traverse the cage back to the access door, Investigation revealed

" that & portion of the screw thread had chipped off, jamming the
• -. -moechanism, The screw had clearly not been lubricated properly,

, aud it is believed that this factor did contribute to the occur-
"" rense. It is also believed, however, that the primary cause of

the thread fracture could be due to overstressing of the sorew.

. Dooomendation.

T h extension screw should be enlarged to distribute the stresses
ever a larger area of contact.- •

b I It was observed that the traverse-wheel slipped quite frequently
on the unit observed, especially when the hoist mechanism encoun-
tered obstacles. This situation could result in the production of
"veeessem In the track, which would produce a self aggravating oan-
ZYiloaq and' wuld lead to a necessity to re-grind the track.

-
3 e5.e-M •tioB.

2M kmarling of the traverse drive-wheel should be cut deeper to
"Pevide a more positive bite on the track (See ZO-4043-3).

Item 6 The proper method of entering and leaving the work-cage is to
-. "position the cage on the access door and pass through the back

of the cage. It was observed that this method was employed only
% twice out of an estimated fifty uses during the test. In all

cases, the work-oage was positioned beside, and somewhat below,
. the access door, and personnel stepped over or through the safety

barrier into the cage. (For comment on this operation see item 16
bblow) This method in adopted because of the difficulty and in-
eooawnionce of positioning the cage on the access door, due to the
fact that it is not possible to raise the cage quite high enough
to elear the door without a lot of Jerking and manhandling. It
is elso frequently desirable to leave the access door unobstructed
so as to allow its use as a work-platform from which to work on the

* missile

Re-co"m•€ endation. . .. ...

M". te suspension of the work cage should be altered to allow the
ea- ge to rise approximately three inches higher than at present.
Weis would facilitate traversing mores the door as well as

7 positieaing on the door.

S I r C•t "

• ,**• .,
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Repot No- W-4043-4 Page 3 of5

b. 2 eoustruction of the cage itself should be changed so as to
allow direct entry from the sides, rather than having to climb
ever the sides or through the back. This could be accomplished
If the cage sides were made into hinged doors, with suitable
interlocks and safety devices to prevent motion with the doors
open *te. his reeommendation is independent of (a) above.

Item 8 The electrical trouble-indication lights on the distribution
box (located in the upper equipment rrom on the launch tube vail)
are supposed to glow "dimly and with equal brilliance", and according
to a warning on the distribution box and in paragraph 3-6 of T.O.
21-SN80A-2-10, operation should not be continued if either or both
lights are out or glowing with full brilliance* During the test
observed sme confusion existed for awhile due to a difference
of opinion mong the operators as to, whether or not the lights
were glowing with the proper brilliance.

fleoonoendatiea.

Th trouble-indieating display should be altered so that interpre-
tation is unambiguous. Paragraph 4.3.2 of MIL-STD-803 states that
"coding techniques shall be selected from the following methodas
a) oolor b) sine a) location d) shape." The use of degrees of
brightnese is not recommended.

Item 9 It was observed that the elevator support structure wan lowered
dowa the access shaft and hoisted onto the launch tube assembly
door by mesas of a rope tied around the cable-drum. Although the
?.O. clearly states that the unit should not be suspended by the
drdin alone, the drum is such a natural choice that it is inevitable
that it will be frequently used in this way. If proper and obvious
handling-poiats were provided, this situation would not exist.

Beeeandatiem.

U. . e" lvort. should be provided with conveaiaent, efficient,
labeled hadi4ng points." (see EO.4043-l)

Item 21 On two occasions during the test observed, the elevator hoist wan
inadvertently operated; once by an operators elbow and once by an
oeperators knee. On both occasions oonsiderable consternation was
obouh by the oocupents of the cagse.

"bonmandation,

Use ONW and "Dows" buttons should be surrounded by a raised edge
to prevent inadvertent operation.
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item is It was observed during the test that an one occasion a work-cage
passenger reached the Launch-tube access door by climbing over the
safety barrier; this is fairly common. As he stepped down, how-
ever, the top bar fell away from the wall. Inspection revealed
that all four horizontal bars of the barrier were not pinned to

the vall, but were merely resting on the pins. This was, of course
an extremely hazardous situation, and it arose because of the great
difficulty encountered in making the barrier fit., It appeared as
though the verticals of the barrier were bent towarda the wall, so
that it required considerable force to push the horizontals back
far enough to insett the pins. Inspection showed that the vertioalm
were reasonably straight, however, and it could not be readily dis-
covered why the barrier was so hard to install.

Recoamendation*

Dimensions of the safety barrier should be exrained for an additive-
tolerance, or other condition that could cause this difficulty.

Item 22 a. It was the opinion of the operators, after completeing installation
of the Elevators Support Structure that a more convenient method
of installin the roller cable could be utilized, which would elimi-
mats the use of a stepladder on the launch tube access door, as
ealled for in step j. of paragraph 3-4 of T.O. 21-s81OA-2-10. The
proposed method would be am follows:

"r. For units incorporating TCTO 35A4-2-3l-501 perform the
-. followings

1. Remove cable and roller assembly from carrying fixtures
and pass far end through elevator access door so that
it hangs down onto launch tube access door.

-.. . plug one end of special prupose electric cable (figure

..- A) into distribution box, Connect other end to

"roller cable, Conneotor on launch tube access door*

3" Pall roller cable up and insert rollers into exposed
support rail channel to the left of the open elevator

. * a&oess, door.

S * .. Plug roller cable into relay box and attach cable
support to support structure fread.

-" Close and secure elevator acess door with support

structure mounted on support rai.

* Recmmendationo

rhe method of installation suggested above should be evaluated, and

* if foved to be acceptable, T.O 21-SMBOAo.2010 pargraph 3-6
sti& be appropriately changed. o-

". " D2 14934-5'
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bo The method of passing the elevator power cable through the laO"
tube vall as shown in Figure 3-3A of TO. 21-SM80A-2-10 does 01,

S8agree w". 'the method shown in Figure 3-5A. In Figure 3-3A t.
cable is shown passing through the launch tube access door, wV'**
in 3-3A it is shown passing through an unidentified hole, pr*O ei04
the autocollimator vindov*0

Beoommendation,

figUre 3-5A should be cocretod to agree with the instructioni
given for installatioa. of the elevator support structure •.ae*'3-') . *" " '- . . ..
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